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Description
[TECHNICAL FIELD]
[0001] The present invention relates to a pipe employed in a pneumatic system and a pneumatic actuator.
[BACKGROUND ART]

[0002] With a pneumatic system, in a case in which a pressurizing operation (inflow operation) and a depressurizing
operation (outflow operation) are alternately and repeatedly performed, this leads to the occurrence of condensation in
a pipe end or otherwise in a pneumatic actuator, resulting in a problem of remaining water droplets. Such remaining
water droplets have adverse effects on the device operation characteristics, device lifespan, and device reliability.
Accordingly, there is a need to provide a measure to solve such a problem (see non-patent document 1).

[Related Art Documents]
[Patent Documents]
[Non-patent document 1]

[0003] Method employed in a pneumatic system for suppressing condensation, [online], SMC Corporation, [Retrieved
on July 8, 2014], Internet <URL: http://www.smcworld.com/docs/technological_material/ja/pdf/341-P-01-11B.pdf>

[DISCLOSURE OF THE INVENTION]
[PROBLEM TO BE SOLVED BY THE INVENTION]

[0004] Examples of such measures to solve such a condensation problem include: a method in which the moisture of
the supply air is further reduced, a method in which the material of the pipe is modified, a method employing a bypass
line, a method employing a quick exhaust valve, and the like.

[0005] The present invention has been made in view of such a situation. Accordingly, it is an exemplary purpose of
an embodiment of the present invention to provide a pipe and a piston structured to suppress variation in the temperature
in the pipe, and/or to suppress condensation.

[MEANS TO SOLVE THE PROBLEM]

[0006] Anembodimentofthe presentinvention relates to a pipe employed in apneumatic system. The pipe is structured
such that at least a portion of an interior space thereof is filled with a wire-shaped metal material, i.e., a metal wire.
[0007] With such an embodiment, the metal wire functions as a heat storage member, which allows temperature
variation to be suppressed in the pipe interior space. Thus, such an arrangement is capable of suppressing condensation.
In addition, by employing such a metal wire as a filler, such an arrangement provides an increased surface area while
preventing an increase in pressure loss. This suppresses temperature variation in the pipe interior space and/or sup-
presses condensation.

[0008] It should be noted that, in the present specification, examples of such a "pipe" include: (i) a pipe employed in
apneumatic system configured to transmit pressure between a given portion and a different portion; and (ii) an attachment
having a small length, which is configured to connect a given pipe and another pipe, to change the direction of the pipe,
or to prevent condensation or to prevent temperature variation.

[0009] Also, the surface area of the metal material per unit volume of air may be larger than 4 X 102 [m-1].

[0010] Also, the wire-shaped metal material may have a diameter of 100 wm or less. As the diameter of such a metal
material becomes smaller, the surface area thereof becomes larger, which is preferable. However, such a wire-shaped
metal material may have a diameter of 1 um or more from the viewpoint of mechanical strength, cost, commercial
availability, and the like.

[0011] Also, the aforementioned portion of the interior space of the pipe may correspond to an end of the pipe.
[0012] The water droplets readily remain at the end of the pipe. Thus, by providing such a portion with such a metal
wire as a filler, such an arrangement is capable of suppressing condensation.

[0013] Also, the aforementioned portion of the interior space of the pipe may correspond to a portion at which large
pressure variation occurs. Such an arrangement is capable of suppressing temperature variation due to variation in
pressure.
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[0014] The aforementioned portion may be filled with the metal wire with a fill ratio (volume ratio) of 1% to 8%. Such
an arrangement provides an advantage of suppressing condensation while reducing the pressure loss tradeoff.
[0015] Anotherembodimentofthe presentinventionrelatestoa pneumatic actuator. The pneumatic actuator comprises
a cylinder filled with a wire-shaped metal material.

[0016] Yetanother embodiment of the present invention relates to a pipe or otherwise a pneumatic actuator employed
in a pneumatic system. At least a portion of the interior space of the pipe or the pneumatic actuator is filled with a carbon-
based material such as a graphite material or the like.

[0017] Also, the interior space of the pipe may be filled with a porous metal material instead of or in addition to such
a metal wire.

[0018] It should be noted that any combination of the aforementioned components or any manifestation of the present
invention may be mutually substituted between a method, apparatus, and so forth, which are also effective as an
embodiment of the present invention.

[ADVANTAGE OF THE PRESENT INVENTION]

[0019] With an embodiment of the present invention, such an arrangement is capable of suppressing condensation.
[BRIEF DESCRIPTION OF THE DRAWINGS]

[0020]

Fig. 1 is a cross-sectional view of a pipe according to an embodiment;

Fig. 2 is a diagram showing the operation of a pneumatic system including the pipe shown in Fig. 1;

Figs. 3A and 3B are diagrams respectively showing the measurement results of temperature variation accompanying
pressure variation obtained in a case of employing a pipe filled with a metal wire and in a case of employing a pipe
having no metal wire as a filler;

Fig. 4 is a diagram showing the relation between the temperature T and the amount of saturated water vapor amount
o; and

Figs. 5A and 5B are diagrams each showing the relation between the copper wire fill ratio and the weight of remaining
water droplets.

[BEST MODE FOR CARRYING OUT THE INVENTION]

[0021] Description will be made below regarding preferred embodiments according to the present invention with ref-
erence to the drawings. The same or similar components, members, and processes are denoted by the same reference
numerals, and redundant description thereof will be omitted as appropriate. The embodiments have been described for
exemplary purposes only, and are by no means intended to restrict the present invention. Also, it is not necessarily
essential for the present invention that all the features or a combination thereof be provided as described in the embod-
iments.

[Configuration]

[0022] Fig. 1 is a cross-sectional view of a pipe 2 according an embodiment. The pipe 2 is employed in a pneumatic
system. The pipe 2 is configured as a resin tube, for example. At least a portion 6 of a pipe interior space 4 is filled with
a metal wire 8 (which will be referred to as the "filled space"). As the material of the metal wire 8, a material having high
thermal conductivity may preferably be employed. Specific examples of such a material include copper, aluminum, silver,
and gold. From the cost viewpoint, copper may preferably be employed. In contrast, the material of the pipe 2 is not
restricted in particular. Examples of such a material of the pipe include metal materials in addition to resin materials.
Also, the metal wire 8 may preferably be configured to have a diameter of several um to several hundred um. More
specifically, such a metal wire to be employed may preferably be configured to have a diameter of 20 um to 50 pm.
Also, as another embodiment, such a metal wire to be employed may preferably be configured to have a diameter of 1
pm to 100 pm.

[0023] A space involving large pressure variation may preferably be selected as the filled space 6 to be filled with the
metal wire 8. From another viewpoint, an end portion of the pipe 2 may preferably be selected as the filled space 6.
More specifically, an end portion of the pipe 2 farther from an air pressure source may preferably be selected as the
filled space 6.
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[Mechanism]

[0024] The above is the structure of the pipe 2. Next, description will be made regarding the mechanism thereof. Fig.
2 is a diagram showing the operation of a pneumatic system including the pipe 2 shown in Fig. 1. For example, the
pneumatic system 10 includes an electromagnetic valve 12 and a pneumatic actuator (pneumatic cylinder) 14 connected
via the pipe 2.

[0025] The electromagnetic valve 12 is configured to be switchable between an air supply mode and an air exhaust
mode. When the electromagnetic valve 12 is opened toward an air supply side port, compressed air flows into the pipe
interior space 4 of the pipe 2 in a low-pressure state (indicated by the arrow A in the drawing). In this stage, the air in
the pipe interior space 4 is compressed, leading to the potential to raise the temperature of the air. Such an increase in
the temperature is absorbed by the metal wire 8, and the thermal energy is stored by the metal wire 8.

[0026] Subsequently, when the electromagnetic valve 12 is opened toward the air exhaust side port, the compressed
air stored in the pipe interior space 4 is suddenly discharged (indicated by the arrow B in the drawing). This leads to a
sudden drop in the pressure in the pipe interior space 4 due to adiabatic expansion, resulting in a sudden reduction in
the temperature. If the temperature thus lowered becomes lower than the dew point, this results in vapor generation.
[0027] With such an arrangement, the thermal energy is stored in the metal wire 8 in the immediately previous step
in the cycle. Accordingly, the thermal energy is discharged from the metal wire 8 to the air, thereby suppressing a
reduction in the air temperature. In other words, it can be understood that the air expansion results in a reduction in the
temperature of the metal wire 8.

[0028] As described above, by configuring the pneumatic system 10 such that the interior space of the pipe 2 is filled
with the metal wire 8, which is operated to repeatedly perform such a cycle of the air supply step and the air exhaust
step, such an arrangement is capable of suppressing variation in the temperature. By suppressing variation in the
temperature, such an arrangement provides an advantage of suppressing degradation due to temperature variation.
[0029] Furthermore, such an arrangement is capable of preventing the temperature in the pipe interior space from
becoming lower than the dew point, thereby suppressing condensation. This suppresses the adverse effects of water
droplets on the device operation characteristics, the device lifespan, and device reliability.

[Experiment results: Temperature variation suppression effect]

[0030] Figs. 3A and 3B respectively show measurement results of temperature variation due to pressure variation in
a case of employing the pipe 2 filled with the metal wire 8 and in a case of employing a pipe filled with no metal wire.
The graph in the upper region in each drawing shows the temperature measurement result when the pressure was
raised. The graph in the lower region in each drawing shows the temperature measurement result when the pressure
was lowered.

[0031] The pipe 2 employed in the experiment had an inner diameter of 5 mm, an outer diameter of 8 mm, and a length
of 350 mm. The metal wire 8 was configured as a copper wire having a diameter of 20 um. The interior space of the
pipe 2 was filled with the metal wire 8 such that the region of the metal wire 8 extended over a length of 100 mm from
the end of the pipe 2. The metal wire 8 was arranged as such a filler having a weight of 1.04 g and a fill ratio (volume
ratio) of 5.91%. The pressure in the pipe interior space 4 was changed in a range between 20 kPa and 450 kPa (absolute
value) in a period of 20 seconds. Temperature variation was measured using a K-type thermocouple and a thermocouple
temperature converter (amplifier) having a response speed of 0.5 ms or less. It should be noted that the experiment was
performed at a room temperature of 26°C, a humidity of 54%, and an atmospheric pressure of 1001 hPa on a clear day.
[0032] First, description will be made with reference to Fig. 3B regarding temperature variation in a case of employing
the pipe filled with no metal wire 8. In the pressurizing step, the temperature was raised to 100°C or more. Conversely,
in the depressurizing step, the temperature was lowered to the vicinity of Ty, = -60°C. Accordingly, in a cycle in which
the pressurizing step and the depressurizing step were alternately and repeatedly performed, the temperature of the
pipe interior space varied in a range between -60°C and 100°C.

[0033] Next, description will be made with reference to Fig. 3A regarding a case of employing the pipe 2 filled with the
metal wire 8. By employing the metal wire 8 as a filler, such an arrangement is capable of suppressing temperature
variation in a range of 6 to 7°C in both the pressurizing step and the depressurizing step. As described above, by
employing the metal wire 8 as afiller, such an arrangement provides a marked effect for suppressing temperature variation.
[0034] In addition, in a case in which the metal wire 8 is employed as a filler, such an arrangement is capable of
relaxing a minimum value T,y of the temperature of the pipe interior space on the order of 19°C in the depressurizing
step, thereby providing an increased dew point. Thus, such an arrangement has the effect of suppressing the conditions
for condensation. Using the Tetens equation and the equation of state, the saturation water vapor pressure E and the
saturation water vapor amount o are represented by the following Expressions. Fig. 4 is a diagram showing the relation
between the temperature T and the saturation water vapor amount a.
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E = 6.11 ~ 102+7.5><T/(237.3 +T)

a(T) = E x 10%/(461.5 x (T + 273.15))

[0035] In a case in which the metal wire 8 is not employed as a filler, such an arrangement involves a minimum
temperature Ty, of -60°C, which leads to a saturated water vapor amount of 0.01 g/m3. In contrast, in a case in which
the metal wire 8 is employed as a filler, such an arrangement provides a minimum temperature T,y of 19°C. Such an
arrangement provides a saturated water vapor amount of 10 g/m3, which is three orders of magnitude greater than that
in a case in which the metal wire 8 is not employed as a filler. This shows that, by employing the metal wire 8 as a filler,
such an arrangement is capable of suppressing condensation.

[Experiment results: Condensation suppression effect]

[0036] Next, an experimentwas performed for evaluating the effect of suppressing condensation. The pipe 2 employed
in the experiment was configured as a resin pipe having an inner diameter of 5 mm and having a sealed end. As described
above, the pipe 2 was configured such that its one end was sealed in order to simulate the effect of the pneumatic
actuator (cylinder piston). With such an arrangement, the air supply operation and the air exhaust operation were
performed via the other end in order to generate pressure variation in the pipe interior space 4. The air employed in this
experiment had a relative humidity of 8% (at 20°C at atmospheric pressure). A cycle in which the pressure of the pipe
interior space was changed from 500 kPa (G) to a vacuum pressure of -80 kPa was repeated, following which the weight
of water droplets that were generated and remained in the pipe interior space was measured by means of an electronic
scale. As the metal wire 8, a copper wire having a diameter of 50 um was employed. The experiment was made employing
such a metal wire 8 with various fill ratios, i.e., with fill ratios of 0%, 4%, 6%, and 8%.

[0037] Figs. 5A and 5B are diagrams each showing the relation between the copper wire fill ratio and the weight of
remaining water droplets. In a case in which the copper wire is employed as a filler with a fill ratio of 4%, such an
arrangement provides a reduction of nearly 30% in the weight of water droplets as compared with an arrangement in
which no copper wire was employed as a filler. Furthermore, by raising the fill ratio up to 8%, such an arrangement is
capable of providing an 85% reduction in the water droplets. It should be noted that, from the viewpoint of flow resistance,
an arrangement of such a metal wire with a fill ratio of 8% is equivalent to a reduction in the pipe diameter ¢ from 5 mm
to 4.8 mm. Thus, it can be said that such an arrangement involves only a very small resistance loss (pressure loss).
[0038] It should be noted that dry air employed in factories has a relative humidity of 6%, which is lower than that
employed in this experiment. Accordingly, in a case in which the pipe 2 according to the embodiment is employed, such
an arrangement allows the weight of water droplets to be further reduced.

[0039] In a case in which the metal wire 8 is configured to have a further reduced diameter, e.g., to have a diameter
on the order of 20 pwm, this provides the metal wire 8 with a further increased surface area per volume. Thus, such an
arrangement is capable of sufficiently suppressing temperature variation and/or of suppressing condensation even if
the metal wire 8 is provided with a fill ratio that is lower than 4%, e.g., with a low fill ratio that is equal to or higher than
1%. The metal wire 8 may be configured to have a further reduced diameter that is smaller than 20 wm. For example,
the metal wire 8 may be configured to have a diameter on the order of 1 um. As the diameter of the metal wire 8 becomes
smaller, its surface area becomes larger, which is preferable. However, in practice, the metal wire 8 is preferably con-
figured to have a diameter of 1 wm or more from the viewpoint of mechanical strength, cost, commercial availability, and
the like.

[0040] In order to provide the effect of suppressing condensation and the effect of suppressing temperature variation,
it is important to design the ratio of the surface area of the metal wire 8 with respect to the air volume stored in the pipe
2. Description will be made below regarding an example in which the pipe 2 is uniformly filled with a metal wire having
a radius r with a fill ratio x [%]. In this example, the volume V of the metal wire per unit volume of air stored in the pipe
2 is represented by V = 1 [m3] X x/100 = x/100 [m3]. Accordingly, the length L [m] of the metal wire is represented by L
= x/100 + ©r2 = x/(100 X nr2) [m]. The surface area S[m?] is represented by L X 2xr = x/(50r) [m2]. Accordingly, the
surface area of the metal wire per unit air volume is represented by the following Expression.

x/(50r) [m*] / 1 [m°] = x/(50r) [m™]

[0041] Such an arrangement can be expected to provide the effect for suppressing condensation or the effect for
suppressing temperature variation even in a case in which a metal wire having a diameter of 100 wm is provided as a
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filler with a fill ratio of 1%. That is to say, such a metal wire may preferably be provided as a filler such that the surface
area of the metal wire per unit air volume is larger than 4 x 102 [m-1].

[0042] Description has been made regarding the present invention with reference to the embodiments using specific
terms. However, the above-described embodiments show only the mechanisms and applications of the present invention
for exemplary purposes only, and are by no means intended to be interpreted restrictively. Rather, various modifications
and various changes in the layout can be made without departing from the spirit and scope of the present invention
defined in appended claims.

[0043] Description has been made in the embodiment regarding an arrangement in which a portion of the interior
space of the pipe 2 is filled with the metal wire 8. However, a space to be filled with the metal wire 8 is not restricted to
such an arrangement. Rather, the metal wire 8 may preferably be provided as a filler to a portion to be configured to
suppress temperature variation or to suppress condensation. That is to say, the present invention is applicable to a
pneumatic actuator in addition to such a pipe. Such a pneumatic actuator includes a cylinder and a piston. In a case in
which the pneumatic actuator has the potential to have a problem of temperature variation or a problem of condensation
in the interior space of the cylinder, such a pneumatic actuator may further include a metal wire as a filler provided to
an interior space of the cylinder

[0044] Description has been made in the embodiment regarding an arrangement in which the metal wire 8 is provided
as afiller. Also, a metal material (porous metal material) having a porous structure may be employed as a filler instead
of or in addition to such a metal wire 8. Such a porous metal material has an advantage of providing an increased surface
area ratio with respect to the volume, as with the metal wire. Thus, such an arrangement provides an advantage of
suppressing temperature variation and suppressing condensation with a small pressure loss tradeoff.

[0045] Description has been made in the embodiment and the modifications thereof regarding an arrangement in
which a metal wire or a porous metal material is employed as a filler. Also, a carbon-based material having high thermal
conductivity such as a graphite material may be employed as a filler instead of such a metal material.

[DESCRIPTION OF THE REFERENCE NUMERALS]
[0046] 2 pipe, 4 pipe interior space, 6 portion, 10 pneumatic system, 12 electromagnetic valve, 14 pneumatic actuator.
[INDUSTRIAL APPLICABILITY]

[0047] The present invention is applicable to an pneumatic system.

Claims

1. A pipe employed in a pneumatic system, structured such that at least a portion of an interior space thereof is filled
with a wire-shaped metal material or a porous metal material.

2. The pipe according to Claim 1, wherein a surface area of the metal material per unit volume of air is larger than 4
X 102 [m-1].

3. The pipe according to Claim 1 or 2, wherein the wire-shaped metal material has a diameter of 100 wm or less.

4. The pipe according to any one of Claims 1 through 3, wherein the aforementioned portion of the interior space of
the pipe corresponds to an end of the pipe.

5. The pipe according to any one of Claims 1 through 3, wherein the aforementioned portion of the interior space of
the pipe corresponds to a portion at which large pressure variation occurs.

6. The pipe according to any one of Claims 1 through 3, wherein the aforementioned portion of the interior space of
the pipe is filled with the wire-shaped metal material or the porous metal material with a fill ratio of 1% or more.

7. Apneumatic actuator employed in a pneumatic system comprising a cylinder filled with a wire-shaped metal material
or a porous metal material.
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